IntroductIon. Refractive surgery has the potential to be a definitive treatment for accommodative esotropia, yet it has not been widely embraced. This article reviews the current literature on refractive surgery to treat accommodative esotropia. Methods. A literature search was performed using the following terms: refractive surgery, photorefractive keratectomy, laser-assisted keratomileusis, intraocular lens, hyperopia, accommodative esotropia, children, pediatric. results. Fifteen series of patients treated with refractive surgery for accommodative esotropia were identified and summarized. conclusIons. Refractive surgery holds promise for the treatment of accommodative esotropia, although treatment risks are present and additional investigation is needed.
INTRODUCTION
Accommodative esotropia is arguably one of the most successfully treated forms of strabismus (1) . Why then would one want to consider refractive surgery when traditional treatment methods are already sufficient? In this article, I outline the rationale for refractive surgery by reviewing the expected course of refractive development and considering historical outcomes of refractive surgery for patients with hyperopia and accommodative esotropia.
BACKGROUND

Emmetropization and accommodative esotropia
Emmetropization is the result of both passive and active processes by which the eye develops a normal (2) or slightly hyperopic (3) refractive state in childhood and maintains that state throughout life. In a typical child, axial growth of the eye proceeds most rapidly in the first 3 years of life, and hyperopia declines to a mean of about 1 D by age 14 years. The eye becomes nearest to emmetropia in the late 20s. The course of emmetropization in children with accommodative esotropia, however, is less well established. Most studies agree that only a modest decrease in hyperopia is expected after age 7 (4, 5) , that most patients with refractive accommodative esotropia will continue to have significant hyperopia into adulthood (6, 7) , and that successful weaning of spectacles is most likely if a child has baseline hyperopic refractive error of ≤3 D (8). However, a recent report describes 123 children with refractive accommodative esotropia and hyperopia up to 5 D who presumably became emmetropic and were able to discontinue spectacle use by a mean age of 13.5 years (9) . Genetic factors such as a predisposition toward myopia (10) and environmental factors including prescribing less than the full cycloplegic refractive correction, prolonged near work, or time outdoors might also have an effect on emmetropization (11) . All studies are essentially in agreement, however, that after early to mid adolescence, most children with refractive accommodative esotropia are unlikely to undergo a major reduction in the magnitude of their hyperopia.
Refractive surgery for accommodative esotropia
REfRACTIvE SURGERy TO TREAT ACCOMMO-DATIvE ESOTROpIA
In 1997, Bilgihan et al presented the first case report of a 19-year-old man who was successfully treated with pRK for refractive accommodative esotropia (42) . The literature currently contains 15 series of patients treated with refractive surgery for purely refractive and mixed mechanism accommodative esotropia (Tab. I) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) . Treatment methods include pRK, LASIK, and phakic IOL implantation. patients range in age from 5 to 52 years, with a total of 52 children and 187 adults treated. The amount of hyperopia treated in each series varies and is graphically represented in Table I . In some series, patients with over 6 D of hyperopia were excluded from corneal refractive surgery (28) (29) (30) 38) ; however, in others, patients with very large amounts of hyperopia (well over 6 D and up to 9 D) were treated with LASIK (26, 27, 31-35, 37, 39-41) . It is difficult to summarize outcomes of these series because the approach to treatment and method of reporting varies from one to another. In most, the attempted correction was equal to or within 0.5 D of the total hyperopia (as determined by cycloplegic refraction), but in some, manifest hyperopia or another amount was targeted based on the patient's age (26, 28, (37) (38) (39) . Similarly, refractive outcomes were not consistently reported. Some generalizations can be made, however, about alignment outcomes. Most often, alignment was successfully corrected either with refractive surgery alone (in patients with fully refractive accommodative esotropia) or with a combination of refractive surgery and strabismus surgery (in patients with mixed mechanism esotropia). for the purpose of this review, I defined successful alignment as being within 10 pD of orthophoria measured at distance, and only included patients with fully refractive accommodative esotropia or patients with mixed esotropia who underwent both refractive and strabismus surgery (Tab. I). In general, small undercorrections (residual esotropia of 10 pD or less) were common, whereas overcorrections (consecutive exotropia) were not reported. In one series of patients with mixed mechanism esotropia, the refractive accommodative portion of the esotropia was successfully corrected with pRK, but the nonaccommodative portion treated with strabismus surgery was undercorrected in 30% of patients (as defined in this review; the authors used a more strict definition of success) (30) . None of the eyes treated with pRK experienced complica-
Refractive surgery for hyperopia in children and adults
In adults, laser-assisted in situ keratomileusis (LASIK) has been used with good precision to correct up to 4 or 5 D of hyperopia, but predictability is significantly worse beyond 4 D, and loss of greater than 2 lines of best-corrected visual acuity (BCvA) is significantly more frequent above 6 D (12). photorefractive keratectomy (pRK) is thought to have similar safety and efficacy to LASIK for refractive errors up to 5 D, but is more painful, and stabilization of refractive error is prolonged (13) . High-level evidence comparing the 2 modalities is lacking (14) . Intraocular procedures to treat large amounts of hyperopia include the Artisan phakic intraocular lens (IOL) (15), posterior chamber phakic IOLs (16) (17) (18) (19) , and refractive lens exchange. Refractive surgery has been used successfully in children to treat severe anisometropia or bilateral high ametropia that is resistant to conventional therapy (20, 21) , but the majority of patients have been treated for myopia. Less is known about refractive surgery to treat hyperopia in children. A few large studies show its promise while simultaneously revealing an incomplete understanding of its efficacy and safety (22) (23) (24) . Astle et al reported 47 children (72 eyes), ages 10 months to 7.5 years, treated with laser-assisted subepithelial keratectomy for up to 12.5 D spherical equivalent (SE) hyperopia (22) . Dvali et al reported treatment of 46 children (63 eyes), ages 8 to 16 years, with LASIK for up to 6 D SE hyperopia (23) . yin et al reported treatment of 42 children, ages 6 to 14, with LASIK for up to 7.75 SE hyperopia (24) . Although no formal analysis of efficacy was done in these studies, residual hyperopia seemed to be more common when attempted treatment was over 6 D, consistent with findings in adults (22) . However, hyperopic regression was less problematic than expected. Astle et al postulate that the normal axial growth of a child's eye may offset the expected hyperopic regression. However, yin et al, who also observed minimal hyperopic regression in their series, reported no changes in axial length, although the children in their series were considerably older. permanent corneal scarring was reported in one child treated bilaterally for 12.5 D hyperopia (22) . The literature contains reports of only 2 children who have undergone phakic intraocular (Artisan) lens implantation for hyperopia (25) . TABLE I tions including corneal striae and loss of BCvA were more frequent. Nevertheless, alignment outcomes were good (based on our definition for this review). There is only one report of a single patient who underwent Artisan phakic IOL implantation to treat fully accommodative esotropia (28) . Although the procedure was presumably successful, details are not provided.
DISCUSSION
Refractive surgery (combined with strabismus surgery when needed) has the potential to be a definitive treatment for accommodative esotropia, yet has not been widely embraced for a number of reasons: 1) Nonsurgical treatment methods are usually successful, well-tolerated, and carry less risk. 2) Refractive surgery is generally postponed until refractive error is stable, and children have growing eyes with a changing refractive status. 3) The amount of hyperopia to be treated in patients with accommodative esotro-tions other than corneal haze, which was usually transient; however, a number of serious complications were reported in eyes treated with LASIK. Loss of one or more lines of BCvA was reported in 7 series (26, 33, 35, (39) (40) (41) . Other complications included corneal striae (33, 39) , diffuse lamellar keratitis (33, 39) , permanent corneal opacity (35) , need for enhancement procedure (37) , and decentration of ablation (40) . In 2002, Stidham et al reported the largest series (at the time) of patients to undergo LASIK for various types of esotropia (39) . The complication rate in this series was very high and might have deterred others from attempting the procedure. It is important to point out in retrospect that the patients in this series were highly atypical when compared to the patients in subsequent studies. Nearly all of the patients in the series of Stidham et al had large amounts of hyperopia exceeding 6 D. Consequently, many of these patients had residual hyperopia following LASIK, in one case, exceeding 5 D. Given the large amount of hyperopia treated in this study, it is not surprising that complica- Hutchinson ate hyperopia, and that intraocular procedures be considered if hyperopia exceeds 6 D, in which case phakic IOL or refractive lens exchange can be performed for patients with anterior chamber depths of ≥3.2 mm or <3.2 mm, respectively (21) . In addition, the rates of decentration, higher order aberrations, ectasia, and long-term regression have yet to be determined in children. finally, other complications such as recurrent esotropia or decreased visual acuity in patients with residual hyperopia and waning accommodative amplitudes may manifest over time.
Over the past decade, we have witnessed an explosion in technology that has made an impact on every aspect of our lives. In some ways, medicine has lagged behind other industries in embracing and integrating technology. Nevertheless, enhancements in communication and the wide availability of medical information are creating a new generation of informed consumers of medical services. These consumers demand to have the latest information and are becoming more and more capable of weighing the pros and cons of a variety of treatment options for themselves and for their children. While traditional treatments for accommodative esotropia have historically been successful and well tolerated, one might make the same observations about pay telephones and cassette recordings, which have become obsolete as more sophisticated technologies have replaced them. Although the level of caution that must be exercised when introducing a new medical procedure cannot be compared to that for a new type of cellular telephone, our human nature to evolve is likely to continue to push the envelope of refractive surgery for accommodative esotropia. pia often exceeds the "comfort zone" of most refractive surgeons, who consider 4 or 5 D to be the upper limit for good predictability using the excimer laser. Hence, refractive surgery is unlikely to replace spectacles and contact lenses in the immediate future. The literature, however, supports the notion that refractive surgery can treat accommodative esotropia successfully. Nearly all patients reviewed had acceptable alignment outcomes after undergoing refractive surgery (with or without strabismus surgery), even in cases where residual hyperopia was present after refractive surgery. Accordingly, refractive surgery ought to be presented as a treatment option in certain cases (assuming the patient has an acceptable risk profile for hyperopic refractive surgery), including the following: 1) Informed adults and possibly mid to late adolescent children with accommodative esotropia who no longer wish to wear glasses or contact lenses (26) 2) Children with developmental issues such as autism that preclude the use of glasses or contact lenses (21) 3) Children who refuse to wear glasses because they are being raised in cultures that discriminate against children with spectacles The latter 2 groups are at risk for loss of binocularity and amblyopia; thus it may be reasonable to consider refractive surgery if compliance has been poor for over 1 year (27) . patients choosing refractive surgery will clearly be exposed to risks and must have carefully weighed the implications of these risks against the benefits of refractive surgery. The risks include loss of BCvA, which is not uncommon, especially when large amounts of hyperopia are treated. Although pRK seems to have fewer associated risks than LASIK, there is very little information about its use in patients with large amounts of hyperopia, and significant corneal haze has been reported. Complications of LASIK include decentered or free flap, flap striae, epithelial ingrowth, diffuse lamellar keratitis, and dry eye. Although intraocular procedures can correct larger amounts of hyperopia, the inherent risks including endophthalmitis, corneal endothelial loss, cataract formation, glaucoma, pigment dispersion, and retinal detachment must be carefully considered. furthermore, there is very little literature to support the use of intraocular procedures to treat hyperopia in children. More research is needed to determine the ideal procedure for a given patient. It has been suggested that corneal refractive procedures be used in patients with mild to moder-
